1. Introduction {#sec1}
===============

In response to the COVID-19 pandemic, stay-at-home orders (SAHs) restricted non-essential activities to reduce the spread of the virus. Without a clear federal mandate, states (and counties within some states) have decided when to implement and lift these SAHs. If there are spillovers between neighboring counties, implementing SAHs in the counties that neighbor a hard-hit county would be beneficial. While many states have joined multi-state agreements, e.g., Western States Pact, to coordinate policies, there has been heterogeneity in when SAHs are lifted and implemented.

We analyze multiple datasets constructed from cellphone location data and find that social distancing is affected by the policies of neighboring counties. People may infer that there is less risk in an area from the policies of neighboring counties or the actions of residents in neighboring counties. A mechanical explanation is also possible, i.e., residents of one county travel to a neighboring county to engage in activities. We find that both policies and social distancing in neighboring counties have an effect. Regarding the mechanical explanation, we find that the effect of policies in neighboring counties is greater when the neighboring counties are smaller.

Our results control for county-level factors that could affect social distancing, including confirmed COVID cases and deaths. It is important to control for the number of confirmed COVID cases, as the risks related to moving about a region depend on the number of infected individuals in that area. We also include other policies affecting the county (e.g., closure of non-essential businesses and declarations of states of emergency). It is important to control for other policies because governors of some states (e.g., Iowa) have claimed that closures of non-essential businesses and schools have had an impact similar to a SAH.[2](#fn2){ref-type="fn"} All of our specifications also include county fixed effects to control for time-invariant county characteristics (e.g., demographics, geography, and beliefs) and date fixed effects to control for country-wide news (e.g., issuance of the President's coronavirus guidelines).

We contribute to the literature on regulatory spillovers across jurisdictions. There is extensive literature on these spillovers, especially in environmental and criminal settings (for example, [@b9] and [@b3]). The presence of these spillovers often implies that there would be benefits from centralized policymaking ([@b6]).

Our paper also contributes to the growing literature about social distancing during the pandemic. SAHs have been effective at increasing social distancing (see, for example, [@b8], [@b10], and [@b5]). The estimates from this literature may mismeasure the efficacy of stay-at-home orders by not considering spillovers from neighboring counties.Table 1Dependent variable is the percent of county residents (excluding those who go to work) that stay home the entire day. All regressions include county and date fixed effects. Controls for other county policies include closures of non-essential businesses, dine-in restaurants, and schools and declarations of states of emergency.(i)(ii)(iii)(iv)Own SAH1.328[⁎](#tblfn1a){ref-type="table-fn"}.900[⁎](#tblfn1a){ref-type="table-fn"}1.052[⁎](#tblfn1a){ref-type="table-fn"}.687[⁎](#tblfn1a){ref-type="table-fn"}(.059)(.088)(.059)(.087)Neighbor SAH.552[⁎](#tblfn1a){ref-type="table-fn"}.482[⁎](#tblfn1a){ref-type="table-fn"}(.091)(.091)Log of COVID cases.787[⁎](#tblfn1a){ref-type="table-fn"}.785[⁎](#tblfn1a){ref-type="table-fn"}.776[⁎](#tblfn1a){ref-type="table-fn"}.774[⁎](#tblfn1a){ref-type="table-fn"}(.036)(.036)(.036)(.036)Log of COVID deaths.228[⁎](#tblfn1a){ref-type="table-fn"}.226[⁎](#tblfn1a){ref-type="table-fn"}.225[⁎](#tblfn1a){ref-type="table-fn"}.224[⁎](#tblfn1a){ref-type="table-fn"}(.046)(.046)(.045)(.045)Log of precipitation.794[⁎](#tblfn1a){ref-type="table-fn"}.794[⁎](#tblfn1a){ref-type="table-fn"}.792[⁎](#tblfn1a){ref-type="table-fn"}.792[⁎](#tblfn1a){ref-type="table-fn"}(.007)(.008)(.008)(.008)Min temperature.059[⁎](#tblfn1a){ref-type="table-fn"}.060[⁎](#tblfn1a){ref-type="table-fn"}.060[⁎](#tblfn1a){ref-type="table-fn"}.060[⁎](#tblfn1a){ref-type="table-fn"}(.002)(.002)(.002)(.002)Max temperature−.118[⁎](#tblfn1a){ref-type="table-fn"}−.118[⁎](#tblfn1a){ref-type="table-fn"}−.117[⁎](#tblfn1a){ref-type="table-fn"}−.117[⁎](#tblfn1a){ref-type="table-fn"}(.001)(.001)(001)(001)Control for other county policiesNoNoYesYesObservations312,494312,494312,494312,494[^2]

Within this literature, our paper is closest to the concurrent paper by [@b7]. We differ from [@b7] in that their focus is on connections between counties through social networks. [@b7] do not control for the number of confirmed COVID cases, which were high in densely populated areas that are more socially connected, or policies besides stay-at-home orders (e.g., closures of non-essential businesses or schools). The data used by [@b7] end in mid April, which prevents them from examining the period of social distance easing. With regard to beliefs affecting behavior, our paper is also related to research on the effect of information and beliefs during the pandemic ([@b2], [@b1], [@b4]).

2. Data {#sec2}
=======

Our data covers counties in the United States excluding Alaska and Hawaii over the time period February 15 to May 27, 2020. Stay-at-home and shelter-in-place orders mandate that residents only leave their home for activities deemed essential. We refer to both types of orders as stay-at-home orders (SAHs). For each county, we hand collect details of SAHs from the New York Times[3](#fn3){ref-type="fn"} and local news and government websites. We begin with dates from the New York Times for statewide orders. For states, that opened regionally (e.g., Pennsylvania) we search local news and government websites for dates that the order was in effect for the various counties. For states that did not enact a SAH (e.g., Oklahoma) or states that were late to enact a SAH (e.g., Florida) we search for county-level orders. For counties where we could not find news reports or local government websites reporting an order, we assume that these counties follow their state's policy. We have made our data publicly available and provided the links to sources for the dates of SAH.[4](#fn4){ref-type="fn"}

We use multiple measures of social distancing that are based on geolocation data from SafeGraph and Google COVID-19 Community Mobility Reports.[5](#fn5){ref-type="fn"} Data from both SafeGraph and Google are constructed from anonymized mobile devices' location data. From the SafeGraph data we calculate the percent of mobile devices belonging to people that are not going to work (so that we exclude essential workers) that stayed at home that day. This same measure has been used in other work (see, for example, [@b1]). Our results based on the data from Google are provided in an online appendix.

3. Estimation and results {#sec3}
=========================

For each county in our dataset, we identify the counties it borders and whether those neighboring counties have implemented or relaxed a SAH at any time. We regress our social distancing measure for county $c$ at time $t$ on SAHs in that county and neighboring counties and a host of controls: $$\left( \text{Staying~at~home} \right)_{c,t} = \,\beta\,\left( \text{Neighbor~SAH} \right)_{c,t} + \delta\,\left( \text{Own~SAH} \right)_{c,t} + \,\phi\,\left( \text{controls} \right)_{c,t} + \alpha_{t} + \gamma_{c} + \varepsilon_{c,t},$$ where "Neighbor SAH" is an indicator for an active SAH in a county that borders county $c$ (i.e., it only takes a value of one for periods in which the SAH is in effect) and "Own SAH" refers to county $c$'s own policy. Qualitatively similar results are obtained if we use the portion of $c$'s neighbors with an active order instead of an indicator for whether any neighbor has a SAH (as shown in the online appendix). We include date fixed effects to control for federal announcements about the virus and county fixed effects to control for demographics, geographical differences, and county-level perceptions of the risk posed by the virus (which may be partisan driven as shown by [@b2] and [@b1]). We also control for the perceived prevalence of the virus in the county (log of one plus the number of confirmed COVID cases), the severity (log of one plus the number of confirmed COVID deaths), and weather. In addition, we control for other policies that affect the county--closures of non-essential businesses and schools, bans of dine-in restaurants and bars, and declarations of states of emergencies. We cluster standard errors at the county level.

Our results are presented in [Table 1](#tbl1){ref-type="table"}. The effect of a neighbor implementing a SAH is roughly half the magnitude as the county's own order. The decrease in the effect of "Own SAH" once "Neighbor SAH" is included (i.e., 1.328 to .900 and 1.052 to .687) is about 50%. For the average county, which has a population of about 99,000, the difference between an effect of 1.328 and .900 is about an additional 400 people leaving home each day. To put this into perspective, the effect of "Own SAH" of .687 would mean, for the average county, an increase of about 680 people staying at home each day.Table 2Dependent variable is the percent of county residents (excluding those who go to work) that stay home the entire day. All regressions include county and date fixed effects. Controls for other county policies include closures of non-essential businesses, dine-in restaurants, and schools and declarations of states of emergency.(i)(ii)(iii)(iv)$\lambda$.087[⁎](#tblfn2a){ref-type="table-fn"}.087[⁎](#tblfn2a){ref-type="table-fn"}.087[⁎](#tblfn2a){ref-type="table-fn"}.087[⁎](#tblfn2a){ref-type="table-fn"}(.000)(.000)(.000)(.000)Own SAH1.279[⁎](#tblfn2a){ref-type="table-fn"}1.033[⁎](#tblfn2a){ref-type="table-fn"}1.031[⁎](#tblfn2a){ref-type="table-fn"}.817[⁎](#tblfn2a){ref-type="table-fn"}(.034)(.040)(.037)(.041)Neighbor SAH.484[⁎](#tblfn2a){ref-type="table-fn"}.437[⁎](#tblfn2a){ref-type="table-fn"}(.040)(.040)Log of COVID cases.718[⁎](#tblfn2a){ref-type="table-fn"}.714[⁎](#tblfn2a){ref-type="table-fn"}.713[⁎](#tblfn2a){ref-type="table-fn"}.710[⁎](#tblfn2a){ref-type="table-fn"}(.010)(.010)(.010)(.010)Log of COVID deaths.204[⁎](#tblfn2a){ref-type="table-fn"}.202[⁎](#tblfn2a){ref-type="table-fn"}.203[⁎](#tblfn2a){ref-type="table-fn"}.201[⁎](#tblfn2a){ref-type="table-fn"}(.014)(.014)(.014)(.014)Log of precipitation.726[⁎](#tblfn2a){ref-type="table-fn"}.724[⁎](#tblfn2a){ref-type="table-fn"}.726[⁎](#tblfn2a){ref-type="table-fn"}.724[⁎](#tblfn2a){ref-type="table-fn"}(.012)(.012)(.012)(.012)Min temperature.052[⁎](#tblfn2a){ref-type="table-fn"}.052[⁎](#tblfn2a){ref-type="table-fn"}.053[⁎](#tblfn2a){ref-type="table-fn"}.053[⁎](#tblfn2a){ref-type="table-fn"}(.002)(.002)(.002)(.002)Max temperature−.119[⁎](#tblfn2a){ref-type="table-fn"}−.118[⁎](#tblfn2a){ref-type="table-fn"}−.118[⁎](#tblfn2a){ref-type="table-fn"}−.118[⁎](#tblfn2a){ref-type="table-fn"}(.001)(.001)(.002)(.001)Control for other county policiesNoNoYesYesObservations312,494312,494312,494312,494[^3]

Also in our appendix, we provide the coefficients on all control variables and the results from other specifications. We show that similar results are obtained if workers are not excluded from staying home variable. We also show that the effects of implementing and easing SAHs are similar. To explore the possible heterogeneity of the effects, we provide results that include interactions of county characteristics with SAHs. One takeaway if that the effect of a neighbor SAH is greater for geographically smaller counties, which would be the case if residents of one county travel to another for activities.

Lastly, we want to understand whether the behavioral changes that observe are driven by the policies of neighboring counties, the actions of residents in neighboring counties, or both. We estimate the following spatial autoregressive model: $$\left( \text{Staying~at~home} \right)_{c,t} = \,\lambda\, W_{c}\,\left( \text{staying~at~home} \right)_{,t}\quad + \,\beta\,\left( \text{Neighbor~SAH} \right)_{c,t}\quad + \,\delta\,\left( \text{Own~SAH} \right)_{c,t} + \phi\,\left( \text{controls} \right)_{c,t}\quad + \,\alpha_{t} + \gamma_{c} + \varepsilon_{c,t},$$ where $W_{c}$ is a row vector weights and $\left( \text{staying~at~home} \right)_{,t}$ is a column vector of social distancing in all counties at time $t$. We define $W_{c}$ as taking a value of zero for non-neighboring counties and equal weights for neighboring counties. The parameter $\lambda$ indicates the degree to which social distancing in a county is affected by behavior in neighboring counties. In [Table 2](#tbl2){ref-type="table"}, we see that both $\lambda$ and the coefficients on neighbor's SAH are significant, indicating that both policies and the actions of neighbors affect beliefs about the risks of the virus. To interpret the magnitude of $\lambda$, if the average portion of neighboring counties that stayed at home increase by one standard deviation (7.8), staying at home in that county would increase by .68. This is comparable to the effect of a SAH in county found in column (iv) of [Table 1](#tbl1){ref-type="table"}.

4. Conclusion {#sec4}
=============

We find an impact of both social distancing in neighboring counties as well as orders in neighboring counties. Implementing SAHs in counties that neighbor high-risk areas could further increase social distancing in the high-risk areas. Coordination at the regional or federal level could improve compliance with SAHs.

We have also seen that failure to control for policies in neighboring counties can cause the efficacy of SAHs to be overstated. For our main specification, we see that the effect of SAHs is overstated by 50%. For the spatial autoregressive model, which controls for social distancing in neighboring counties, this overstatement is reduced.

Appendix A. Supplementary data {#appSB}
==============================

The following is the Supplementary material related to this article. MMC S1.
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See, for example, <https://kttc.com/2020/04/03/stay-at-home-iowa-governor-defends-not-introducing-order/>.

<https://www.nytimes.com/interactive/2020/us/states-reopen-map-coronavirus.html>.

These data are available at our GitHub repository: .

County-level data from SafeGraph data are available from <https://www.safegraph.com>. Google COVID-19 Community Mobility Reports are available from <https://www.google.com/covid19/mobility>.

Supplementary material related to this article can be found online at <https://doi.org/10.1016/j.econlet.2020.109511>.

[^1]: The views expressed in this paper are the views of the authors and do not necessarily reflect the views of the authors' employers or any other entities with which the authors may be associated.

[^2]: Denotes significance at the .01 level.

[^3]: Denotes significance at the .01 level.
